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^nircAuciiott 
The chemistry of natural products is a wide and distinct 
field and concerned with the enormous variety of organic 
substances accumulated by plants eq. alkaloids, amino acids, 
quinones, terpenes, coumarins', flavonoids, steroids and antho-
cyanidins. 
The field of flavonoids is one of the most fascinating 
areas of 'Natural Products Chemistry*• Flavonoid compounds 
have always been the focus of attention of inquisitive minds. 
Hundred of new flavonoids are being discovered every year from 
natural sources and many of them being synthesized. The study 
of their stereochemistry, physiological activity and biosyn-
thesis is augmenting the horizons of this field. 
The term flavonoid covers a large group of naturally 
occurring compounds containing fifteen carbon atoms in their 
basic nucleus and these are arranged in a C,-Co-C^ configuration, 
that is, two aromatic rings linked by a three carbon unit, 
propane bridge, except in isoflavone in which the arrangement 
is C,-C-C-C. For convenience the rings are labelled A, B and 
C^  the individual carbon atoms are referred to by a numbering 
system which utilizes ordinary numerals for the A- and C- rings 
and 'Primed' numerals for the B'-i^ irig* 
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The flavonoids are classified on the basis of oxidation 
state of heterocyclic ring (ring C) and the position of ring B, 
The examples of some major sub groups are given in Chart-I . 
OH 
OH 
Flavanone 
O^^O 
Neoflavone 
OH 
OH 
Anthocyanidin 
OH 0 
Isoflavone 
CHART - I 
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The main constituents of the flavonoids are 
Normal Series Iso Series 
Carbon stoms 
Flavones 
Catechins 
Flavanones 
Flavanonols 
Flavones 
—CH2 C H 2 — CH: 
-CH2 CH — CH 
0 
II 
— C 
o 
0 
I! 
— C 
OH 
CHg— CH 
OH 
I 
CH — CH 
CH = C. 
Anthocyanidins 
-CH C C 
Gabe^x" has reviewed the recent trends in research on 
pharmacodynamic effects of flavonoids and claims have been 
made that flavonoids might be effective in combating certain 
2 
types of cancer . The potent uses of flavonoids may be listed 
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4 3 5 
as heart stimulants , contraceptive , antibiotic , coronary 
6 8 7 
vasodilators , spasmolytic and antihelmintic , oestrogenic , 
9 10 11 12 
antiviral , anticovalsant » antitumor , bronchodilator , 
13 
antioxidants and inhibitors of blood cell aggregation . The 
importance of flavonoidic compounds in the tanning of leather, 
the fermentation of tea, the manufacture of cocoa and in the 
14 flavour qualities of food stuffes is well established . The 
study of flavonoids in plants is of great chemotaxonomic 
value 15,16 
THE GLYCOSIDES 
The term 'Glycoside* was adopted to embrace a large and 
remarkably varied group of organic compounds which on hydrolysis 
yield flavonoid aglycone and sugar. The non-sugar part 
(aglycone) may include a wide variety of compounds occuring 
in nature. In the case of flavonoid glycoside this moiety is 
generally a phenolic compound. 
Glycosides can be represented by a general formula (l) 
where R stands for the non-sugar moeity. 
CH2OH 
R 
( I ) 
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Thus Glycosides are regarded as derivatives of sugars 
in which the reducing or the potential aldehydic group of 
the sugar isnsubstituted by condensation with an alcohol 
or a phenol to form a hemiacetal. The oligo- and polysacch-
acides are also the glycosidic condensation products of mono-
saccharides, one of the component sugars behaving as a 
reducing sugar and the other one acting as an alcohol. Glyco-
sylation or glycosidation makes the flavonoid less reactive 
and more water soluble. 
CLASSIFICATION OF GLYCOSIDES 
The classification of glycosides is based upon the nature 
of aglycones. The aglycones include representatives of many 
of the numerous group of hydroxy1 compounds occurring in plants, 
All the flavonoid glycosides known to date may be classi-
fied into two main groups. 
I - Flavonoid 0-Glycosides 
II - Flavonoid C-Glycosides 
I - FLAVONOID 0-GLYCOSIDES 
Flavonoids mostly occur as flavonoid O-glycosides in 
which one or more of the flavonoid hydroxyl groups is bound to 
a sugar or sugars by an acid labile hemiacetal bond. 
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Commonly these flavonoids have a number of hydroxyl 
groups on both the A - and B - rings. The flavonols, flava-
nonols and anthocyanidins have a hydroxyl group at C-3. 
The flavonols constitute the largest and most variable class 
of flavonoid glycosides. Usually the hydroxy! group at C-3 
is glycosylated. In flavones and flavanones glycosylation 
occurs mainly at C-6, 7, 8, 4' hydroxyl groups and occassionally 
at C-5. 
In the study of glycosides, the linkage between the 
carbohydrate and phenol is most important. Carbohydrates 
consists of pentoses, hexoses, disaccharides and trisacchacides. 
1. MONOSACCHARIDES : 
It is found that ten monosaccharides occurs as the 
component of flavone or flavonolglycosides, which are listed 
in table-l. Amongst these ten monosaccharides, arabinose 
occur in both pyranose and furanose forms while the other 
sugars are only in the pyranose form except apiose. 
Table - 1 : Monosaccharides of flavone and flavonol glycosides. 
Pentoses Hexoses Uronic acids 
D-Apiose D-Allose D-Galacturonic acid 
L-Arabinose D- Galactose D-Glucuronic acid 
D-Xylose D-Glucose 
L-Rhamnose D-Mannose 
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2. DISACCHARIDES : 
There are many disaccharides but only twenty one are 
fully characterized which are found to occur in association 
with flavones and flavonols which are listed in table - 2. 
Table - 2 : Disaccharides of flavone and flavonol glycosides 
Structure Trivial name 
Pentose - Pentose 
4-0-a-L-Rhamnosyl-D-xylose 
Pentose - Hexose 
2-0-a-L-Rhamnosyl-D-glucose 
3-0-a-L--Rhamnosyl-D-glucose 
2-0-a-L-Rhamnosyl-D-galactose 
6-0-a-L-Rhamnosyl-D-galactose 
2-0-p-D-Xylosyl-D-galactose 
6-0-a-L-Arabinosyl-D-galactose 
Hexose - Pentose 
4-0-^-D-Glucosyl-L-rhamnose 
4-0-p-D-<3alactosyl-L-rhamnose 
Hexose - Hexose 
2-0-p-D-Glucosyl-D-glucose 
3-0-^-D-Glucosyl-D-glucose 
6-0-^-D-Glucosyl-D-glucose 
2-0-^-D-Mannosyl-D-glucose 
4-0-p-D-Glucosyl-D-mannose 
2-0-^-DTAllosyl-D-mannose 
4-0-p-D-Galactosyl-D-glucose 
6-0-^-D-Glucosyl-D-galactose 
4-0-p-D-Galactosyl-D-galactose 
Neohexperidose 
Rungiose 
Robinobiose 
Lathyrose 
Sophorose 
Laminaribiose 
Gentiobiose 
Lactose 
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3. TRISACCHARIDES : 
Among the flavonoids only flavonols shows the 
presence of trisaccharides as either Kaempferol and/or 
quercetin or simple methyl ether of these aglycones. So 
far 17 trisaccharides have been fully characterized as listed 
in table - 3, 
Table - 3 : Trisaccharides of flavonol glycosides 
Structure Trivial name 
Linear 
(1) 0-a-Rhamnosyl-(l->2)-0-a-
rhamnosyl (l—>6)-glucose 
(2) 0-rp-Glucosyl-(l-^2)-0~p-
glucosyl (l—>6)-glucose 
(3) 0-^-Glucosyl-(l->2)0-^-
glucosyl-(l->2)-glucose 
(4) 0-^-Glucosyl-(l->6)-0-p-
Glucosyl-(l->4)-glucose 
(5) 0-a-Rhamnosyl-(l->4)-0-a-
rhamnosyl-(l—>-6)-galactose 
(6) 0-a-Rhamnosyl-(l-^3)-0-.«-
rhamnosyl-(l—^6)-galactose 
(7) 0-p-Glucosyl-(l->'3)-0-a-
rhamnosyl-(l->6)-galactose 
(8) 0-^-Glucosyl-(l-^6)-0-p-
glucosyl (l—>)-rhamnose 
2'-Rhamnosyl rutinose 
2'-Glucosyl gentiobiose 
Sophorotriose 
Sorborose 
Rhamninose 
Sugar of alaternin 
Sugar of faraltroside 
9 -
Table - 3 Continued, 
Branched :-
(9) 0-^-Apiosyl-(l->2)-0-
[a-rhamnosyl-( 1—^6)-glucose] 
(10) 0-a-Rhamnosyl~(l-^2)-0-[a-
rhamnosyl-(l—>6)-glucose] 
(11) 0-^-Glucosyl-(l-»2)-0-[a-
rhamnosyl-(l—>6)-glucose] 
(12) 0-^-Glucosyl-(l->3)-0-[a-
rhamnosyl-(l—>2)-glucose 
(13) 0-a-Rhamnosyl-(l->2)-0-[p-
glucosyl-( l-^d)-glucose] 
(14) 0-p-Glucosyl-(l->2)-0-[^-
glucosyl-(l-> 6)-glucose] 
(15) 0-a-Rhainnosyl-(l->4)-0-[a-
rhamnosyl-(l—>2)-glucose] 
(16) 0-a-Rhamnosyl-(l->2)-0-[a-
rhamnosyl-(l->6)-galactose] 
(17) 0-a-Rhamnosyl-(l->4)-0-[a-
rhamnosyl-(l->6)-galactose] 
2 -Apiosyl rutinose 
2 -Rhamnosyl rutinose 
2 -Glucosyl rutinose. 
3 -Glucosyl neohesperi-
dose 
2 -Rhamnosyl gentibiose. 
2 -Glucosyl gentiobiose 
4 -Rhamnosyl neoheoperi-
dose 
Gal 2 -Rhamnosyl robinobios< 
4°«l-Rha™osyl roblnobios, 
Some Reported flavonoid-0-glycosides 
4. QUERCETIN-GALACTOSIDE GALLATE 17 
Quercetin-3-^-D-galactopyranoside-2''-gallate (la) and 
Quercetin-3-^-D-galactopyranoside-6 -gallate (lb) have been 
isolated from Euphorbiacean verrucosa and Euphorbiacean 
platiphvllos respectively. 
-- 10 -
OH 
( la ) 
o o •OH 
OH 0 ^ W ^ 
HO ° 
H O - Y Q V - C—0 H2C\\ 
HcP^ IJ 
/OH 
\ " 
OH 
H 
OH 
( lb ) 
18 5. ISORHAMNETIN-3-0-[6"-0-ACETYL1GLUCOSIDE ; 
The flavonol-0-acyl glucoside (2) has been isolated 
from Salix vlmlnalis. 
QCH, - 11 
CH_ 0 — C CH, 
( 2 ) 
6. NARINGENIN-7-0-[6"-0-p-C0lJMAI^YL]-g-D-GLUC0SIDE^^ : 
Rehman et. al. have isolated an acylated flavanone 
glycoside (3) from nutshell of Anacardium accidentale. 
)H 
H C = C H — c - O CHo .0 
( 3 ) 
20 7. NARINGENIN-7-0-6-D-(6"-0-GALLOYL GLUCOPYRANOSIDE) : 
Flavanone-0-acyl glucoside (4) has been isolated 
from the pods of Acacia farnesiane. 
(4) 
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8. LINARIN-0~2--METHYL BUTYRATE^ -'- : 
This (5) has recently been isolated from the 
Valeriana wallichii. 
( 5 ) ^ogr^ 
R2 = Et (Me) CHCO (a) R^ = H, 
(b) R2 = Hf R = Et (Me) CHCO 
OCH, 
II - FLAVONOID C-GLYCOSIDES : 
Such glycosides are referred to as flavonoid C-glyco-
sides in which sugar or sugars are directly attached to the 
benzene nucleus by a carbon-carbon bond. To date C-linked 
sugars have been found only at the 6- and 8-positions on 
flavonoid nuclii. Due to their resistance to acid hydrolysis. 
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the nature of sugar moiety and its linkage with the aglycone 
have remained the most difficult problem in C-glycosyl 
chemistry. 
C-glycosides are often found derivatized by 0-glycosylation 
(at the sugar or phenolic hydroxyls) or by acylation (normally 
of a sugar hydroxyl). They can be divided into two types : 
(i) X or (-X*)-0-glycosyl C-glycosylflavone in which the 
O-glycosyl moiety is bound to a phenolic hydroxyl group of the 
flavone and (ii) -X'-O-glycosyl C-glycosyl flavones, in which 
the 0-glycosyl moiety is bounded to an alcoholic hydroxyl 
group of the C-glycosyl residue. 
The C-glycosyl and 0-glycosyl flavonoids can be identified 
easily by acid hydrolysis. The structure elucidation of 
13 C-glycosides has been simplified by the invent of C-NMR 
22 23 
spectroscopy. Mass spectrometry * and UV-spectral shifts. 
The 0-glycosyl flavonoids can easily be hydrolysed under 
mild acidic conditions but C-glycosyl flavonoids can't. One 
more difference between C- and 0-glycosides is of Enzymatic 
hydrolysis. Only 0-glycosides undergoes enzymatic hydrolysis. 
Few Reported Flavonoid C-Glycosides : 
9. C-GLYCOSIDES FROM Swertia japonica^^ 
24 Komatsu et. al. have reported two C-glycosides 
(i) 6-C-^-D-glucopyranosyl genkwanin (Swertisin) and 
14 
[ii) 6-C-p-D-glucopyranosyl luteolin-7-methyl ether (Swertia japonin) 
from the help of Swertia japonica. 
( i ) 
( ii ) 
10. ACYLATED GLYCOSIDES : 
Flavonoid glycosides occassionally exhibit acylation. 
Acylated glycosides have one (or more) of their sugar hydroxyls 
derivatized with an acid such as acetic, malonic, ferulic, 
sinapic, benzoic, p-hydroxy benzoic, gallic, caffeic and 
p-coumaric acids. The bond in this case is an ester bond, 
the acid effectively being esterified by the sugar. Monoacy-
lation is usual, but substances with two same or different acyl 
group have been reported * 
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Acylated glycosides may be recognized by their high 
chromatographic mobility on paper in solvents such as 15?^  
acetic acid and phenol and low mobility in water, when 
compared with the corresponding unacylated glycosides. 
Acylated glycosides have also distinctive spectral pro-
perties, those acylated with aromatic acids are readily disti-
nguished by UV spectroscopy. Since the aromatic acid absorption 
superimposed on the normal flavonoidic spectral bands. The 
acyl group can then be removed by mild alkaline hydrolysis 
and the acid present is recovered and identified by standard 
procedures. 
11. Few Reported acylated Glycosides : 
Two acylated flavanone glycosides namely pinocembrin-
7-0-p-(3'"-0-acetyl)neohesperidoside (6a) and pinocembrin-7-0-
^(6**-0-acetyl)neoheoperidoside (6b) have been isolated from 
27 
Nieremberqia hippomonia . 
(6a) = Rj^  = R^ = H; R2 = Ac 
(6b) = Rj^  = R2 = H; R3 = Ac 
- 16 
28 12. Allose containing 8-hvdroxv flavone glycoside : 
A novel flavone glycoside has been isolated from the 
whole plant of Vernonica filiformis and identified as iso-
cutellarein-4'-methylether 7-0-^-(6 •'-0-acetyl-2"-0-p-allosyl 
glycoside)* 
( 7 ) 
R = 6-0-acetyl-p-p-allosyl-p-O-glucosyl 
13. Acylated Kaempferol Glycoside from Aconitum Species : 
Four acylated Kaempferol glycosides have been 
isolated from Aconitum noveboracense and A. columbianum. 
(I) Kaempferol-3-(caffeyl glucoside)-7-glucoside. 
(II) Kaempferol-3-gentibioside-7-(Caffeylarabinosyl rhamnoside) 
(III) Kaempferol-3-glucoside-7-(p-coumaryl glucoside). 
(IV) Kaempferol-3-(p-coumaryl rutinoside)-7--glucoside. 
14. BIFLAVONOID GLYCOSIDES 
29 30 
M. Knonoshima et. al. * have isolated fukugiside 
(Sa) and spicataside (8b) from Garcinia spicata and Xanthochy-
17 
chymusside (8c) from Garcinia xanthochymus* 
(a) Fukugiside; R, 
(b) Spicataside; R2 
OH 0 
( 8 ) 
OH, R 
H, R 
^-D-Gluco 
p-D-Gluco, 
OH 0 
( 8c ) Xanthochymusside 
R = p-D-Gluc. 
18 -
15. [l-3,II~8l~Binarinaenin-II-7~0-e~Glucoside^-'- : 
A new biflavanone glucoside (9) has very recently 
been isolated from Garcinia multiflora. 
R = Glucosyl 
32 16. Amentoflavone-O-qlucoside : 
Wallace and Markham have reported a series of 
amentoflavone-0-glucosides from three species of psilotales, 
an order that shows one of the most primitive organization of 
any living vascular plant. However, these authors could be 
establish the glucosyl pattern in the compound and suggested 
the structure as mono-, di-, tri- and tetra-0-glucoside of 
amentoflavone. 
33 
17. Tetrahydro hinokiflavone-C-glycosides 
33 Murthy et. al. have recently isolated occidentoside 
a biflavonoid-C-glycoside in which a flavanone unit is linked 
19 -
with a chalcone unit via C-O-C linkage from defatted nuts 
of Anacardium occidentale Linn. This constitutes the first 
example of biphenyl ether type biflavone glycoside with 
reduced heterocyclic ring system. 
Zbe0rehcni 
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STRUCTURE DETERMINATION OF FLAVONOIDS : 
The structure elucidation of glycosides consists in 
identification of the aglycone and the sugar parts and 
establishing their linkage. 
The problem of structure determination of aglycone is 
a complex one because of 
(1) Presence of more than one flavone in chromatographically 
homogenous fractions, and the consequent difficulty in 
their isolation in pure form, 
(2) Insolubility in the usual organic solvents, 
(3) The difficulty in the exact location of 0-methyl group in 
partially methylated derivatives of flavones. 
(4) The intricate problem of establishing the interflavonoid 
linkage. 
Generally following methods are used for the structure determi-
nation of aglycones/flavonoids. 
A - Physical methods 
(i) Chromatography (TLC, Co-TLC) 
(ii) Spectroscopy 
(a) UV (b) NMR {h\ and -"-^ C) and (c) Mass. 
- 21 -
B - Chemical methods 
(i) Colour Reaction, (ii) Degradation and 
(iii) Synthesis. 
The structure of flavonoid glycoside is elucidated 
after partial or complete hydrolysis leading to constituent 
34 35 
aglycone and the sugar residues * . The work is involved 
to establish the type of aglycone, its substitution pattern 
and the position of linkage of sugar moiety. 
A short review of the above listed techniques is given : 
Chromatography : 
Characteristic shades in UV light and Rf values on TLC 
provide fairly accurate method for the identification of type 
of aglycone/flavonoids. The final identification is done by 
comparision of the compound with authentic samples. 
- 22 -
Some of the Rf values of flavonoids in different 
solvent systems are listed below : 
Solvent system 
Compound BPF TEF TPA BPEFD BEAA 
Colour in BPF 
solvent 
Apigenin 
Amentofla-
vone 
Ginkgetin 
Cupressu-
flavone 
Agathis-
f lavone 
Hinoki-
flavone 
0.52 0.62 0.40 0.74 
0.17 0.33 0.07 0.43 
0.54 0.57 0.34 0.71 
0.16 0.30 0.07 0.36 
0.67 Brown 
0.27 Dark brown 
0.70 Orange brown 
0.29 Dark brown 
0.16 0.23 0.04 0.35 0.27 Dark brown 
0.32 0.37 0.13 0.47 0.35 Brown 
BPF 
TEF 
TPA 
Benzene : Pyridine : Formic acid 
36 : 9 : 5 
Toluene : Ethylformate : Formic acid 
5 : 4 : 1 
Toluene : Pyridine : Acetic acid 
10 : 1 : 1 
BPEFD Benzene : Pyridine : Ethylformate : Dioxane 
5 : 1 : 2 : 2 
BEAA Benzene : Ethylacetate : Acetic acid 
8 : 5 : 2 
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The flavonoid nuclei contain three types of hydroxy! 
37 
groups 
(a) Phenolic, occupying the 5, 7, 3', 4' and 5* positions, 
(b) benzylic in the 4 position and 
(c) aliphatic in the 3 position. 
In 2% HOAc (adsorptive system) substitution of phenolic 
hydroxyls at 3' and 5' cause small reductions in Rf whereas 
substitution in the 5* position has been shown to cause large 
38 
reduction 
SPECTROSCOPIC METHODS : 
Among the physical methods UV, NMR and Mass spectrometry 
are the dependable tools for the structure determination of 
flavonoids. 
(i) Ultravoilet spectroscopy : The UV spectra of flavonoids 
39 have been thoroughly studied and reviewed by L. Jurd and 
40 T.J. Mabry , Ultraviolet spectroscopy has become a major 
technique for the structure elucidation of flavonoids for two 
main reasons, viz, (a) a small amount of pure material is 
required, (b) the amount of structural information gained from 
a UV spectrum is considerably enhanced by the use of specific 
reagents which react with one or more functional groups on 
the flavonoid nucleus. 
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In flavonoids the spectrum typically consists of two 
absorption maxima in the ranges 240-285 nm (band II) and 
/ \41 300-550 nm (band I) , The precise position and relative 
intensities of these maxima give valuable information on the 
nature of the flavonoid and its oxygenation pattern. Chara-
cteristic features of these spectra are the low relative 
intensities of Band I in dihydroflavones, dihydroflavonols, 
and isoflavones and the long wave length position of band I 
in the spectra of chalcones, aurones and anthocyanins. 
Variations within these ranges will depend on the 
hydroxylation pattern and on the degree of substituion of the 
42 hydroxyls . The changes are presented briefly below: 
1. Changes in the substitution of the A-ring tend to be 
reflected in the band II absorption while alterations 
in the substitution of the B- and C- rings tend to be 
more apparent from the band I absorption. 
2- Additional oxygenation (especially hydroxylation) generally 
causes a shift of the appropriate band to longer wavelenghts, 
e.g. band I in 3,5,7-tri OH flavone, 359 nm; 3,5,7,4*-0H 
flavone, 367 nm; 3,5,7,3',4'-0H flavone, 370 nm and 
3,5,7,3',4',5'-0H flavone, 374 nm. 
3. Methylation or glycosidation (especially of 3,5,7 and 4' 
hydroxyls) causes band shifts to shorter wavelengths. 
The nature of the sugar in glycosides is normally of no 
consequence. 
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4. Acetylation tends to nullify the effect of a phenolic 
hydroxy 1 group or\ the spectrum, 
5. The presence of cinnamic acids as acyl functions on a 
flavonoid can be detected by the presence of an absorp-
tion band at 320 nm in flavonoids that themselves lack 
significant absorption in this region. 
6. In flavones and flavonols the presence of a 3',4'-di OH 
system is generally evidenced by a second peak (sometimes 
a shoulder) in band II. 
26 -
Table - 4 
42(b) UV Vis ib le absorption ranges for flavonoids : 
Band II (nm) Band I (nm) Flavonoid type 
250 - 280 
250 - 280 
250 - 280 
245 - 275 
275 - 295 
230 - 270 
(low intensity) 
230 - 270 
(low intensity) 
270 - 280 
310 - 350 
330 - 360 
350 - 385 
310 - 330 
shoulder 
C 320 peak 
300 - 330 
shoulder 
340 T- 390 
380 - 430 
465 - 560 
Flavone 
Flavonols (3-OH substituted) 
Flavonols (3-OH free) 
Isoflavones. Isoflavones 
(5-deoxy-6,7-dioxygenated) 
Flavanones and dihydroflavonols 
Chalcones 
Aurones 
Anthocyanidins and antho-
cyanins. 
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The use of reagents such as aluminium chloride, sodium 
acetate. Sodium methoxide, sodium acetate and boric acid, 
aluminium chloride and hydrochloric acid which produce shifts 
in the maxima in accordance with the location of the various 
functional groups in the flavonoid nucleus has made it 
possible to determine the structures of some flavonoid 
compounds on the basis of their spectra alone. 
The position and intensity of the 
max 
of each of these 
bands varies with the relative resonance contribution of the 
cinnamoyl (lOa), benzoyl (lOb) and pyrone ring (lOc) 
groupings to the total resonance of the flavone molecule. 
Although these groupings interact, the spectra of substi-
tuted flavones and flavonols in the neutral and alkaline 
solutions suggest that Band I is associated chiefly with 
absorption in the cinnamoyl grouping and Band II with absor-
41 ption in the benzoyl grouping 
(10b) 
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Interpretation of AlClo and AlCl^/HCl spectra 
Flavonoid type 
(reagent) 
Shift observed 
Band I Band II 
Interpretation guide 
Flavones and 
Flavonols 
(AICI3/HCI) 
(AICI3) 
+35 to 55nm 
+17 to 20nm 
No change 
+50 to 60nm 
AICI3/HCI shift 
plus 30 to 40nm 
AICI3/HCI shift 
plus 20 to 25nm 
5-OH 
5-OH with 6-oxygenation 
Possibly 5-OH with 
6-prenyl group 
3-OH possible (with or 
without 5-OH) 
B-ring-0-di OH 
A-ring-0-di OH (additive 
to B-ring-0-di OH shift) 
Isoflavones, 
Flavanones and 
Dihydroflavo-
nois (AICI3/HCI) 
(AICI3) 
+10 to 14nm 
+20 to 26nin 
5-OH (isoflavones) 
5-OH (flavanones, dihy-
drof lavanones) 
AICI3/HCI shift A-ring-0-di OH 
Plus 11 to 30nm (6,7 and 7,8) 
AICI3/HCI 
shift 
plus 30 to 38nm 
(NaOAc sensitive) 
Dihydroflavonol with 
no 5-OH (additive to 
any 0-di OH shift) 
Aurones 
chalcones 
(AICI3/HCI) 
(AICI3) 
+48 to 64nm 
+40 nm 
+60 to 70nm 
AICI3/HCI shift 
plus 40 to 70nm 
smaller increase 
2'-0H (Chalcones) 
2»-0H (Chalcones) with 
3'-Oxygenation 
4-0H(aurones) 
B-ring-0-di OH 
Possibly A-ring-0-di 
OH 
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Interpretation of NaOMe spectra 
Flavonoid 
type 
Shift observed 
Band I Band II 
Interpretation 
guide 
Flavones 
Flavonols 
Continually 
reducing in-
tensity (i.e. 
decomposition) 
Stable +45 to 
65 nm no decre-
ase in inten-
sity 
Stable +45 to 
65 nm decreased 
intensity 
New band (cf. MeOH), 
320 - 335 nm 
3,4'-OH, A-ring-0-
di OH, B-ring: 3 
adj ac ent OH 
4*-OH 
3-OH, no free 4*-OH 
7-OH 
Isoflavones No change 
Decreasing inten-
sity with time 
Shift from c'280 nm 
to C. 325 nm, in-
creased intensity, 
but to 330 - 340 nm 
No A-ring-OHS 
A-ring-0-di OH(slow 
decrease : B-ring-0-
di OH in isoflavones) 
5,7-OH flavanones 
and dihydroflavonols 
7-OH, no free 5-OH 
Chalcones 
Aurones 
+80 to 95 nm 
increased inte-
nsity) 
+60 to 70 nm 
(increased 
intensity) 
Smaller shift 
+60 to 100 nm 
(increased intensity) 
(No increase in intensity) 
+40 to 50 nm 
4'-0H (aurones) 
6-OH no 4'-oxygena-
tion (aurones) 
6-OH with 4'-oxygen-
ation (aurones) 
4-OH (Chalcones) 
2-OH or 4'-OH and 
no 4-OH 
4'-OH (2'-OH or 
4-OH also present). 
Interpretation of NaOAc spectra 
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Flavonoid 
type 
Shift observed 
Band I Band II 
Interpretation guide 
Flavones 
Flavonols . 
Isoflavones 
+5 to 20 nm 
(reduced if 6- or 
8- oxygenation 
present) 
Decreasing intensity with time 
7-OH 
Alkali-sensitive 
groups, e,qo 6,7- or 
7,8- or 3,4«-di OH 
Flavanones 
Dihydrofla-
vonols 
+35 nm 
+60 nm 
Decreasing intensity with time 
Chalcones 
Aurones 
Bathochromic 
shift or long-
Wave length 
shoulder 
7-OH (with 5-OH) 
7-OH (Without 5-OH) 
Alkali-sensitive 
groups e.g. 6,7 or 
7,8-di OH 
4« and/or 4-OH 
(Chalcones) 4'-
and/or 6-OH (aurones) 
Interpretation of NaOAc/H^BO„ spectra 3 3 
Flavonoid 
type 
Shift observed 
Band I Band II 
Interpretation 
guide 
Flavones 
Flavonols 
Aurones 
Chalcones 
+12 to 36 nm 
(relative to 
MeOH spectrum) 
Smaller shift 
B-ring O-di OH 
A-ring-0-di OH 
(6,7 or 7,8) . 
Isoflavones 
Flavanones 
Dihydroflavo-
nols 
+10 to 15 nm 
(relative to 
MeOH spectrum) 
A-ring-0-di OH 
(6,7 or 7,8) 
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NMR - Spectroscopy : 
Nuclear magnetic resonance spectroscopy is a powerful 
tool in elucidating the structure of flavonoid compound and 
for determining the stereochemical features of the reduced 
heterocyclic ring in flavan derivatives. By the use of NMR 
44 45a 
studies of silyl derivatives , double irradiation techniques , 
45b 46 
solvent induced shift studies * , Lanthanide induced shift 
studies (LIS) , nuclear overhauser effect (n.o.e.) and C -NMR 
48 
spectroscopy , it has been possible to elucidate fully the 
structure of flavonoids occuring even in minor quantities with-
out resort to tedious and time consuming chemical degradation 
and synthesis. 
The most commonly occuring hydroxylation pattern in 
natural flavonoids is 4',5,7-trihydroxy system (11). 
The chemical shifts of the protons of ring A and B prove 
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to be independent of each other, but are affected by the 
49 
nature of ring C . 
Ring A Protons : 
The peaks arising from ring A in most flavonoids occur 
upfield from the other peaks and are readily recognised. 
There are different types of substitutions in the ring A among 
the flavonoids. 
(i) 6-H and 8-H protons in 5,7-Dioxvqenated Flavonoids : 
The two ring A protons, H-6 and H-8, give rise to 
two doublets (J . = 2.5 Hz) in the range d 5.7 - 6.9^ in 
meta 
flavones, flavonols, isoflavones etc. The H-6 doublet occurs 
consistently upfield than the signal for the H-8. H-6 and 
H-8 doublets are also clearly distinguished from each other by 
their widely different paramagnetic induced shifts. Depending 
upon the nature of the substituents the chemical shift may vary 
accordingly. For instance when a sugar is attached to the 
oxygen at C-7 the signal for both H-6 and H-8 are shifted down 
field. 
(ii) H-6/H-8 Signal in 5,7,8/5,6,7-Trisubstituted Flavonoids : 
NMR provides the requisite information for differenti-
ating 6 or 8 substituted isomers of 5,7,8/5,6,7-trisubstituted 
51 flavonoids with a high degree of surity. Horowitz and Gentili 
- 33 -
were able to fix up the structures for the two isomers of 
vitexin, viz. vite-xin and isovitexin. The H-6 proton signal 
appeares at about d 0.2 - 0.3 ppm upfield than H-8 signal. 
(iii) H-5, H-6 and H-8 signal in 7-oxygenated Flavonoid : 
The additional C-5 proton in these compounds is 
strongly deshielded by the 4-keto group and its signal appears 
at a very low field ( 8.0 ppm). It appears as a doublet 
( J = 9 Hz ) due to ortho coupling with H-6. Signals for 
H-6 (a quartet, J = 9 Hz and 2.5 Hz) and H-8 ( a doublet, 
J = 2.5 Hz) occurs at lower field than in the 5,7-dihydroxy-
flavonoids and may even reverse their positions relative to 
one another. 
Ring - B Protons : 
All B-ring protons appear around d 6.7 - 7.9 ppm, a 
region separate from the usual A-ring protons. The signals 
from the aromatic protons of an unsubstituted B-ring in a 
flavanone appears as a broad peak, centered at about d 7.45. 
In flavones, the presence of the C-ring double bond cause a 
shift of the 2',6'-protons and the spectrum shows two broad 
peaks, one centered at d 7.6 (3',4',5*) and the other at 
d 8.00 (2«,6')^^. 
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(i) H-2',6' and H~3',5' signals in 4*-oxygenated Flavonoids : 
With the introduction of a 4'-hydroxyl group, the 
B-ring protons appear effectively as a four peak pattern, two 
doublets. Such type of pattern is called A^B^ pattern 
(j = 8 Hz each). The H-3' and H~5' doublet always occurs 
upfield from the H-2',6' doublet due to shielding effect of 
the oxygen substituent and to the deshielding influence of 
C-ring functions on H-2' and H-6* . The positions of H-2' and 
H--6' signal depends to some extent on the oxidation level of 
ring C. 
(ii) H-2*, H-5' and H-6' signals in 3',4'-Dioxygenated 
Flavonoids : The NMR spectrum of 3',4'-dioxygenated is of 
normal ABX pattern. The H-5' proton in flavones and flavonols 
in such system appears as a doublet centered between 6 6.7 and 
7.1 ppm ( J = 8 Hz ) and the H-r2' and H-6' signals usually 
occur between d 7.2 and 7.9 ppm. 
(iii) H-2' and H-6' Protons in 3',4',5'-Trioxygenated 
Flavonoids : In 3',4',5'-trihydroxylated flavonoids H-2' and 
H-6' are equivalent and appear as a two proton singlet in the 
range d 6.5 - 7.5 ppm. Methylation shifts it about 1 ppm down 
field when the compound is analysed in DMSO-d^. 
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(iv) H-2 and H-3 signals in Flavanones and Flavanonols : 
The spectra of Flavanones contain typical ABX 
pattern multiplets arising from the C-2 proton and the two 
C-3 protons. The C-2 proton is split by the C-3 proton into 
quartet (J . = 5 Hz, J, = 11 Hz: double doublet) and 
^ ^ CIS trans 
occurs near d 5.2 ppm. The two C-3 protons occur as two 
quartets (Ju.oo H-3b ~ "^^ ^ ^^ ^^ ^ ^*'^* they often occur as 
two doublets since two signals of each quartet are of low .in-
tensity. 
The C-2 proton in dihydroflavonols appear near 6 4.9 as 
a doublet (J = 11 Hz) coupled to the C-3 proton which comes 
53 
at about 6 4.2 as doublet 
Sugar Protons : The protons of the sugar in flavone glycosides 
are denoted at C-1", C-2*' and so on while the protons of the 
terminal sugar in disaccharides are designated as C-1'", C-2'" 
and so on. The chemical shift of the C-1" proton of the sugar 
directly attached to the flavonoid hydroxyl group depends both 
on the nature of the flavonoid and on the position and stereo-
chemistry of attachment to it. For eg., in flavone glycosides 
with sugar on either C-5, C-7 or C-4' the C-1" proton signal 
appears near d 5.00, while in flavonol 3-0-glycosides the C-1" 
proton signal appears much more downfield (at about d 5,8). 
The rhamnose C-methyl appears as doublet (J = 6.5 Hz) or 
multiplet in the region d 0.8 - 1.2. 
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The problem of interflavonoid linkage has successfully 
been solved by : 
(a) Solvent induced shift studies of methoxy resonances. 
(b) Lanthanide induced shift studies. 
13 
(c) C-NMR spectroscopy. 
(a) SOLVENT INDUCED SHIFT STUDIES OF METHOXY RESONANCES : 
54 William and co-workers have observed that the 
methoxyls at C-5, C-7, C-2'and C-4' exhibit large positive A 
values, ( A = d CDCI3 - 5 C.H^ 'r' 0.5 to 0.8 ppm) in the 
absence of methoxyl or hydroxyl substituents ortho to these 
groups. This means that the aforesaid methoxy signals move 
upfield in benzene relative to deuteriochloroform. The 
observation is consistent with the formal ability of all 
these methoxy groups to conjugate with the electron withdrawing 
carbonyl group. This conj-ugation can lead to a decrease in 
7t-electron density at oxygen atoms of methoxy groups in question, 
and so enhance an association with benzene at these electron 
deficient sites with a resultant increase in shielding effect. 
The C-3 methoxy resonances are in contrast deshielded or only 
slightly shielding ( A = -0.07 to + 0.34) in benzene, suggesting 
that C-3 methoxy group in general prefers conformation indicated 
in (12). Similarly a 5-methoxy group in presence of a 6-substi-
tuent shows small positive or negative solvent shift in 
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benzene because a 6-substituent should lead to a higher 
population of conformer (13). 
3 
( 12 ) ( 13 ) 
In these conformations, the protons of the methoxy group 
lie in close proximity to the negative end of the carbonyl 
dipole which is a region of strong deshielding due to benzene 
association at the carbonyl group. 
An electron with drawing substituent ortho to a methoxy 
function increases the upfield shift which observed in 
, 54,55 benzene * . 
The benzene-induced solvent shifts A (^  CDClo/C,H,) are 
o o o 
appreciably enhanced by the addition of small quantity (3?S v/v) 
of trifluoro acetic acid (TFA) to the solution of the compound 
in benzene; apparently protonation of certain groups enhances 
the benzene association at these sites. This technique helps 
to distinguish between methoxy groups , Which can conjugate 
with the carbonyl group (14) and those which can not conjugate 
(15) in the ground state. 
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CH^— 0 — C = C ^ C = 0 C H ^ ^ O = C — C = C - 0 
2 I I I 2 I I I 
(14) 
I 1 
O •• 1 I I 
(15) 
Thus t h e b a s i c i t y of t h e methoxy groups not conjugated (15) 
wi th carbonyl group i s g r e a t e r than t h o s e which a r e conjugated 
(14) and so t h e former w i l l be expected t o g ive more p o s i t i v e 
56 
va lue s of the TFA- a d d i t i o n s h i f t 
A C . H V C . H , + TFA 6 6 6 6 
The TFA- induced solvent shift [A (CDCl^/TFA)] of a 
5-methoxy group has a relatively large negative value (-0,36 to 
-0.44 ppm), which distinguishes it from other methoxy groups. 
A possible explanation is the formation of hydrogen bond between 
the protonated carbon.yl group and the oxygen atom of the 
5-methoxy group (16). The carbonyl group will be protonated to 
a much large extent in TFA relative to a solution in benzene 
containing 3% TFA . 
( 16 ) 
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If a 5-methoxy group is flanked by a substituent like a 
methoxy group at C-6, its TFA-induced solvent shift is even 
greater than in the absence of such a group (r^ 0.48 to - 0.62 
ppm). 
•"••^ C-NMR SPECTROSCOPY : 
With H-NMR spectroscopy indirect information about the 
13 
carbon skeleton of an organic molecule is obtained. In C-NMR 
spectroscopy the carbon skeleton is directly observed becuase 
the peaks arise from all of the carbon atoms, whether they 
13 bear hydrogen or not. One greater advantage of C-NMR spectro-
13 
scopy is the wide range of chemical shifts over which C 
nuclei absorb. Known carbon chemical shifts in diamagnetic 
compounds cover a range of approximately 600 ppm. For almost 
13 
all organic molecules, complete C spectra appear between 
deshielded carbonyl groups and shielded methyl groups in a 
13 
range of just over 0 - 200 ppm. For this reason C-NMR 
spectra are much more highly resolved than are H-NMR spectra. 
As in H-NMR spectra, coupling between the signals of 
13 
near-neighbour atoms occurs in C-NMR spectra. This is due 
13 1 to the interaction of the carbon with nearby protons ( C - H 
13 1 
coupling). However, because C - H coupling complicates 
initial interpretation of the spectrum, it is", usually suppressed 
electronically to produce a 'Proton decoupled' spectrum in 
40 -
which every different carbon is represented by one unsplit 
57 
signal . In proton decoupled spectra, each carbon atom is 
represented by one line and its chemical shift is determined 
primarily by the electron density at that carbon atom. Thus 
the carbon resonances at lowest field are generally those of 
carbonyl carbons and oxygenated aromatic carbons, whereas those 
at highest field will represent non-oxygenated aliphatic 
carbons. Approximate chemical shift ranges for carbon types 
encountered in flavonoids are outlined in Table -5 . 
Table - 5 : Carbon-13 Chemical shift ranges for various carbon 
types encountered in flavonoids 
Carbon type Approximate chemical shift range 
(ppm from TMS) 
Carbonyl (4-Keto,acyl) 
Aromatic and Olefinic 
(a) Oxygenated 
(b) Non-oxygenated 
Aliphatic 
(a) Oxygenated (sugars) 
(b),Non-oxygenated 
(C-2,3 flavanones) 
Methylenedioxy 
Aromatic -OCHo 
Aromatic C-CH^, COCH3 
Aliphatic C-CH3 
210 - 170 
165 - 155 (no o/p-oxygenation) 
150 - 130 (with o/p-oxygenation); 
Ca. 135 (C-3-0H) 
135 - 125 (no o/p-oxygenation) 
125 - 90 (with o/p-oxygenation) 
102 - 110 (C-3) 
105 - 55 
80 - 40 (epicatechin C-4, 28 ppm) 
Ca 100 
55 - 60 (59 - 64 for orthodisubsti-
tuted) 
Ca. 20 
Ca. 17 
41 -
13 1 
C - H coupling constants for aromatic ring carbon 
range from 155 - 170 Hz for a directly attached proton down 
to 1 - 3 Hz for ortho- and para related protons. A meta 
related proton causes a 6 - 8 Hz splitting of the carbon 
signal. 
Substituent effects : The introduction of a new substituent 
into a molecule will normally cause changes in the chemical 
13 
shifts of nearby C atoms. Such changes are referred to as 
'Substituent effect " . 
The chemical shift data of flavonoids for the effect 
of new substituents at the C-1, ortho, meta and para positions 
(in p.p.m.) are as follows: 
Hydroxy! 
Methoxyl 
Methyl 
Acetoxyl 
C-1 
+26.9 
+31.4 
+ 8.9 
+23.0 
Ortho 
-12.7 
-14.4 
+ 0.7 
- 6.4 
meta 
+1.4 
+1.0 
-0.1 
+1.6 
para 
-7.3 
-7.3 
-2.9 
-2.3 
The main exceptions have been noted in A- and C- rings 
where the new substituent might be expected to have a modified 
influence : e.g. the introduction of hydroxyls at C-3 and C-5 
and the introduction of a methoxyl ortho to an existing methoxyl, 
In the case of the introduction of a 3-hydroxyl, C-3 was found 
to shift downfield (i.e. deshielded by a larger than expected 
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33 ppm) and the 'ortho' ~ effect on C-2 was also large at 
17 ppm. The introduction of a 5-hydroxyl causes a downfield 
shift of about 31 ppm in the C~5 signal and the 'meta' -
related C~4 resonance is deshielded by about 6 ppm. The para-
related C-8 shifts upfield by an unexpectedly large 11 p.p.m. 
Using this type of substituent effect data, it is possible 
to calculate with some accuracy the spectrum of an unknwon 
flavonoid from that of a similarly substituted knwon. 
RING-A LINKAGES : 
(i) Effect of 6- and 8- substitution : 
The signals for C-6*and C~8 in the •'•^C-N!\AR spectra of 
monomeric flavanone, flavones and flavonols with a 5,7-dihydroxy 
substitution can be unambiguously differentiated by consideration 
of their multiplicities in proton coupled spectra and specific 
proton decoupling. For a large number of such compounds the 
59 
resonances for these carbon atoms were found between 90 ppm 
to 100 ppm. The signal for C-6 is always found to be at lower 
fields than C--8 in a variety of 5,7-dihydroxy compounds. This 
difference is small (Ca. 0.9 ppm) in the flavanone and larger 
(Ca. 4,8 ppm) in flavones and flavonols. The signal for C-8 
appeared at higher field relative to that of C-6 and the assign-
ment was confirmed by specific deuteration at C-8 . The alkyl 
or acyl substitution on an aromatic nucleus should not esbentially 
alter (+ 0.5 ppm) the chemical shift of the meta carbon atoms 
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(ii) Effect of Methoxvl Substitution : 
The position of a methoxyl substituent can not be 
determined on the basis of the chemical shift of the methoxyl 
carbon as the variation is too small to be of diagnostic value. 
However, steric crowding as in the case of 5,6,7-tri-O-methyl 
compounds does cause a downfield shift of methoxyl carbons by 
Ca. 6.0 ppm, whereas in a 5-hydroxy-6-7-dimethoxy derivative, 
the shift is only of the order of 3.0 ppm. It is apparent that 
mere inspection of the chemical shift values in the spectral 
13 
region 90 ppm to 105 ppm in C-NMR spectrum of a new flavonoid 
being isolated, can give a good indication of the linkage 
position if ring A is involved in a C-C linkage. 
Identification of Sugars : 
13 Although C-NMR data are undoubtedly useful for defining 
the oxygenation patterns of flavonoids unknowns, it is perhaps 
of most value in the definition of the sugar moiety and its 
substituents. This is specially true for flavonoid C-glycosides, 
the sugars of which are difficult to identify by any other 
method. All commonly encountered sugars, whether they be O'-
er C- linked give different patterns of C-13 resonance signals. 
All carbons of the glycosyl moiety resonate between 60 and 82 
ppm. Additional substituents on these sugars are readily 
13 
identified from the C-NMR spectrum, as also are the points 
of attachment to the sugar (from the resulant signal shifts). 
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(i) 0-glycosylation of a flavonoid hydroxyl produces an 
upfield shift of up to 2,0 ppm in the signal of the 
adjacent flavonoid carbon and downfield shift in the 
signals of the ortho- and especially para- related carbons 
(1.0 - 4.0 ppm). 
(ii) Glycosylation of a sugar by glucose causes an 8.0 ppm 
downfield shift in the signal of the glycosylated carbon 
accompanied by a 1.0 - 3.0 ppm upfield shift in the signals 
of adjacent carbons. Glycosylation by rhamnose causes 
smaller shifts. 
(iii) C-glycosylation of a flavonoid aglycone causes a 10 ppm 
downfield shift of the signal of the glycosylated carbon, 
but leaves other signals relatively unaffected. 
(iv) Acylation (e.g. acetates, benzoates etc) of a sugar 
generally produces a downfield shift of about 2 ppm in the 
signals of the acylated carbon, accompanied by upfield 
shifts of 1 - 3 ppm in the signals of adjacent carbons. 
MASS SPECTROMETRY : 
Mass spectrometry plays a very important role in evaluating 
the structure of flavonoids by fragmentation pattern relationship. 
78 
The retro Diel*s-Alder (RDA) is the principal mode of fragmen-
tation in flavones and biflavones. 
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Flavonoid Aqlycones : 
Among the flavonoids, flavones were the first to be 
analysed by mass spectrometry. In the flavonoid identifi-
cation the most useful fragmentations are those which involve 
cleavage of A- and B- ring framents. The base peak for most 
flavone aglycones is molecular ion [M.], however [M-CO] 
fragments is prominent in the spectra. In addition to these 
peaks, flavones usually afford major peaks for [M~H] and 
when methylated [M-CH^J"*". 
Flavones 
Kingston has discussed the mass spectra of a large 
number of flavones, flavonols and their ether derivatives, in 
detail. He has summarized the fragmentation pattern of mono-
flavones as : 
(i) Flavones with fewer than four hydroxyl groups do not 
readily fragment, a consequence of the stability of their 
molecular ion. 
(ii) Flavones with fewer than four hydroxyl groups tend to 
undergo decomposition predominantly by way of the £etro-
Diels-Alder (RDA) process * . Using apigenin as a 
typical example the fragmentation pattern is shown in 
Chart -II. 
(iii) A (M-1) ion is often found in the mass spectrum of 
flavones, its origin is however obscure. 
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(iv) The presence of ion(C) (Chart-II),frequently more intense 
when a 3-hydroxyl group is present, is attributed to the 
alternative mode of retro-Diels-Alder fragmentation, 
(v) Doubly charged ions are frequently present. 
(vi) When heavily substituted with hydroxyls and methoxyls, the 
flavones tend to fragment in a less predictable manner, 
retro Dield-Alder process becomes insignificant and the 
spectrum is dominated by the molecular ion and ions at 
M-15, M-28 and M-43°^*°^. 
OH 
b 
c — 0' 
(C) m/e 121 
°|Y-<0>°HT 
RDA' 
Ui* 270 (100^ 
-CO 
A - 28 
: / ui* 270 (iod> ° 
i/e 121 . / ^ / . 
1^ (B) m/e 118 
^ 
^ 
c"^  
0 
f 
© T 
OH 
^OH 
m/e 
A ) 
152 
OH 
m/e 242 (major) 
(C) m/e 121 
•i-
CHART - II 
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Flavanones : In the case of flavonoids with reduced hetero-
cyclic ring, fragmentation by path A and B are of great impor-
tance as they lead to clear cut, characteristic spectra 
(Chart -III). 
Path^ 
Path J r 4~ 
c 
111 
+0 
( CHART - III ) 
Another method of breakdown, that helps to characterize 
the flavanones is the loss of either a hydrogen atom or any 
aryl radical from the molecular ion to give even electron 
fragments. 
- 48 -
OCH^ OH 
Flavonoid Glycosides : 
Mass spectrometry has been extensively used in the 
structure elucidation of fldvonoid C-glycosides. The structure 
of flavonoid glycoside i^. elaborated after partial or complete 
hydrolysis leading t mally to constituent aglycone and the 
sugar residues. 6-C and 8-C glycosyl can be clearly differenti-
ated as the 6-C glycosyl show intense M-15, M-31 and M-47 peaks, 
in their mass spectra. 
The position of a sugar residue in a flavonoid aglycone 
can be eabily recognised from the mass spectrum of the permethy-
lated glycoside . Sugars attached to position 3 and 5 are 
split off more reaaily than those at position 7, and as a 
result the molecular ion peak is of very low intensity or 
totally absent. 
The principal fragmentation pattern of perdeuteriomethyl-
ated flavonoid disuccharide is illustrated in Chart IV. 
CHART ~ IV 
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DoC 
H/pCHo 0CD30 
OCDT 
X3^ 
Fission of the glycosidic carbon-oxygen bond between the 
sugar and the aglycone is indicated by the fragment A, invari-
ably formed by transfer of hydrogen and followed by loss of CO. 
Rupture of the ethereal carbon-oxygen bond between the terminal 
and the second sugar gives rise to the sequence ion B. Fission 
of the glycosidic carbon oxygen bond of the terminal sugar 
leads to the ion C which successively loses CD- - methanol to 
give C, and C^. Retention of charge on the disaccharide 
residue after this type of rupture leads to the oligosaccharide 
ion D. Peaks due to retro Diels-Alder cleavage of the flavonoid 
aglycone are small or absent as it is often observed in highly 
substituted compounds 
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D3CO 
H 
CH 
rj 3 
CD 3 
CK^^R 
OCDJ OCD^  
,+ CH; 
/ / 
D3CO ?^ D^ O 
CHART - IV 
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CHEMICAL METHODS : 
The chemical methods include colour reactions, 
degradation and synthesis. 
COLOUR REACTIONS^^ : Various colour reactions are reported 
in the literature for the detection of certain structural 
features among flavonoids. The colour development depends upon 
the pattern of hydroxylation and substitution. The reagents 
generally used for colour reactions are magnesiumhydrochlroic 
acid , sodium amalgumhydrochloric acid , wilson boric acid 
71 
and zinc hydrochloric acid . Biflavonoids are found to give 
more or less the same colour reactions as monomers. Acid 
treatment of C-glycosyl flavonoids is always used for their 
characterization. Ferric chloride oxidation of C-glycosyl 
flavonoid is still widely used to identify the carbon-linked 
73 
sugar residue 
DEGRADATION : Degradation is the one of the classical methods 
for the structure determination of flavonoids. It is performed 
on the micro quantities present in eluates and the products 
have been identified by paper chromatographic comparison with 
the simpler known compounds. In this way the various glyco-
sides are distinguished from one another and, in cases where 
cleavage occurs, the liberated sugar(s), aglycone, acyl 
functions etc. may be separated and identified. Three types 
of hydrolytic treatment are commonly used for this purpose, 
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acidic, enzymic and alkaline. 
A - Acidic Hydrolysis of Glycosides : Acid treatment of 
C-glycosylflavonoids is always used for their characteri-
zation. They undergo Wessely-Moser isomerization during 
acid hydrolysis and they give two spots on chromatograms. 
Under the influence of acid, the pyrone ring of the flavone 
is opened and when it recloses a mixture of both 8-C-gluco-
74 
side and 6-C-glucoside is obtained . Flavonoid 0-glycosides 
undergoes acidic hydrolysis under mild conditions. It is 
sumarized as; 
(a) If hydrolysis is shown to have occured, e.g. by a 
reduction in_ Rf, the flavonoid is an 0-glycoside. 
(b) If no hydrolysis has occured the glycoside is a C-glycoside, 
(c) If partial hydrolysis has occured the glycoside is likely 
to be a glucoronide, which can be investigated by enzymic 
hydrolysis. 
The time taken for cleavage of a sugar from a flavonoid-
0-glycoside by acid treatment is determined not only by the 
strength of acid, but also by the nature of the sugar (e.g. 
glucuroside>glucoside = galactoside>rhamnoside) and by the 
position of the sugar on the flavonoid nucleus (e.g. 7-0--
glucosides>4'-0--glycosides>3-0-glycosides) 
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Wessely-Moser Rearrangement 
C-glucosyl 
0 glucosyl ^^ '^ 
8-C-glucoside (Vitexin) 6-C-glucoside 
(Isovitexin) 
B - ENZYMIC HYDROLYSIS : 
Enzymic hydrolysis is a useful method for establishing 
the nature of the linkage of a sugar to a flavonoid (i.e. a 
or p). It also offers a method for the cleaving of specific 
monosacchacides from flavonoid 0-glycosides and so identifying 
them. Until recently, it has not been clear that specific 
enzymes can be employed for the removal of terminal sugar or 
for the stepwise removal of all the sugars in complex glyco-
sides. Useful enzymes are listed below : 
(i) p-Glucosidase - hydrolyses ^-D-glucosides. 
(ii) p-Galactosidase - hydrolyses ^-D-galactosides. 
(iii) ^-Glucuronidase - hydrolyses ^-D-glucuronides. 
(iv) Pectinase - hydrolyses a-D-polygalacturonides. 
(v) Anthocyanase - hydrolyses most anthocyanidin glycosides, 
(vi) Rhamnodiastase - removes many oligosaccharides intact 
from glycosides, 
(vii) Takadiastase - hydrolyses a-L-rhamnosides, 
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C - ALKALINE HYDROLYSIS : 
Alkaline hydrolysis is rarely used with flavonoid 
glycosides. It does offer a method for selectively removing 
a sugar (or sugars) from the 7- (or 4*-) hydroxyl group in 
the presence of one attached to the 3-hydroxyl. Alkaline 
treatment will remove disaccharide from the 7--hydroxyl providing 
the interglycosidic linkage is not ( 1 > 2). Care must be 
taken to exclude air from the reaction mixture as many flavono-
ids, oxidize in the presence of alkali and oxygen. Organic 
acids attached to the sugar moiety of a glycoside by an ester 
linkage (acyl groups) may be removed by treatment with cold 
alkali. On hydrolysis of flavonoid glycosides by acids, 
enzymes and alkali, the potential for structure elucidation 
is exemplified by considering the effect of each on the 
hypothetical natural product, Kaempferol 3-0-(2"-0-acetyl-
rutinoside)-7-0-glucoside in fig.17. 
acetyl 
CHo— 0 — rhamnosyl 
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Kaempferol 3-0-(2'-0-acetylrutinoside)-7-0-glucoside 
acid 
I 
K-7-O-glucoside 
1 
Kaempferol 
+ 
Glucose 
rhamnose 
+ 
acetic acid 
alkali ^-glucosi-
dase 
K-3-O-rutinose 
+ 
glucose (s^Ia^^^yi. 
_^  rutinoside) 
acetic acid + 
glucose 
pectivase 
K-3-0-(2''-acetyl-
glucoside) 
glucose 
+ 
rhamnose 
Fig. 17 
SYNTHESIS : 
A procedure for the identification of a proposed structure 
that has been of particular value in the identification of 
natural products involves the preparation of the compound by an 
unambiguous route. Synthesis will always give additional 
evidence for the structure assigned, and may also provide a 
much better way of obtaining a particular flavonoid, by an 
alternate, established method, followed by comparison of spectra 
and other properties. 
The most useful general synthetic method for preparing 
flavones is that of Robinson (1924). This consists in 
heating an 0-hydroxyacetophenone at about 180 C with the anhy-
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dride and sodium sa l t of a substituted benzoic acid. 
/h 
f O l "*" (C6H5C0,)20. CO -^CH;5 
A more general synthesis of C-glycosyl flavonoid, exemli-
fied by the synthesis of 5,7,4*-tri-O-methyl vitexin has been 
provided by Eade and Pham in 1979. The reaction between 
1,3,5-tri-methoxybenzene (18)and tetra-acetyl-a-D-glucosyl 
bromide (19)in the presence of zinc oxide gave ^-D-glucopyra-
nosyl-2,4,6-trimethoxy benzene tetra acetate (20) in 70% yield. 
This tetra acetate was converted by acetic anhydride and anhy-
drous aluminium chloride into 3-^-D-glucopyranosyl-2-hydroxy-
4,6-dimethoxy acetophenone tetra acetate (21). Condensation 
of the latter with 4-methoxy benzaldehyde in the presence of 
sodium hydroxide gave 3'-^~D-glucopyranosyl-2*-hydroxy-4,4',6'-
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trimethoxy chalcone (22) from which reaction with selenium 
dioxide gave 5,7,4'-tri-0-methyl vitexin (8-C-^-D-glucopy-
ranosyl-5,7,4'-tri-methoxy flavone). 
MeO CH^OAc AcOy"~'-J--0 
AcOvZ.—p"-^ 
AcO Bi-
ds) 
GLC(0Ac2 
MeO 
(20) 
MeO 
AlCl, 
NaOH 
Y 
OMe 
Glc 
MeO ^ OH 
MeO 
(23) 
Synthesis of 5,7,4 '- t r i -0-methyl vi texin. 
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Flavanoid 0-glycosides can be synthesized by transacy-
113 lation method discovered by Nogradi et. al. , which is 
useful for the preparation of partially blocked polyhydroxy 
flavones that have only one OH group capable to glycosylation. 
In this method the benzoyl groups of partly benzoylated flavo-
noids will migrate to phenolic OH groups of lower acidity 
because the benzoyl migration is considered as an intermolecular 
process, under the reaction conditions of Konigs-Knorr glycosy-
latlo^ i•l^  For example synthesis of querclmerltrin, (quercetln-
7-0-glucoside), involves the reaction between penta benzoyl 
quercetin ( 23 ) and 3,5,3'-tribenzoyl qucertin ( 2 4 ) in the 
presence of silver carbonate and pyridine to yield 3,5,3',4'-
tetrabenzoyl quercetin. When this product was coupled with 
115 
a-acetobromoglucose ( 25 ) under the usual conditions 
followed by saponification gave Quercimeritrin ( 26 )• 
OCOPh 
PhOCi 
OCOPh 
Q V-OCOPh 
OCOPh (23) 
a-Acetobromoglucose/ 
'^  • - -•'ine// Quinolin Ag20, NaOCH3 
OH 
Quercimeritrin (26) 
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OPTICAL ACTIVITY IN FLAVONOID AGLYCONES 
A number of flavonoid aglycones possess asymmetric 
carbon atoms and thus exhibit optical activity. Included 
in this class of flavonoids are flavanones, dihydroflanolos, 
catechins, rotenoids and some biflavonoids. The rotation 
(by convention at 589.3 nm, the sodium D-line) of a naturally 
occurring flavonoid aglycone is related to the absolute 
stereochemistry of the flavonoid. Thus Laevorotatory (-)-
flavanone have the 'S' configuration at C-2, i.e. possess 2S 
configuration, where as the (+)-flavanones possess 2R confi-
guration 
A list of optically active flavonoid aglycones is 
presented below : 
-) Flavanones 2S 
+) Dihydroflanolos 2R : 3R 
(trans) 
-) Epicatechin (cis) 2R : 3R 
+) Epicatechin (cis) 2S : 3S 
+) Catechin (trans) 2R : 3S 
The isolation and identification of flavonoid compounds from 
plant materials : 
For the detection, separation and structure determination 
of the water soluble plant pigments many fundamental advances 
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in methods have been made during past four decades. For the 
detailed examination of complex mixtures of plant pigments 
chromatographic and spectroscopic methods are the powerful 
tools. 
In general, the flavonoid compounds of fresh or desicated 
plant materials can be completely extracted by means of ethyl 
or methyl alcohols. But it is often advantageous, especially 
when dried material is used, to carry out a systematic series 
of extractions with the use of three or four solvents of 
increasing polarity. A preliminary extraction of the dried, 
powdered plant material with low boiling petroleum ether is 
effective in removing waxy materials. Petroleum ether removes 
non-flavonoidic eonsistuents. 
Most flavonoid glycosides are rather readily hydrolyzed 
by acids, care must be taken to prevent the decomposition of 
glycosides during extraction with boiling solvents, especially 
when fresh material is used. Rapid exposure of the plant to 
boiling alcohol is effective in inactivating hydrolytic enzymes 
but the materials in the extract are still exposed to the danger 
of hydrolysis by accompanying plant acids. It is customary to 
carry out long continued extractions in a soxhlet extractor with 
the addition of a small amount of calcium carbonate to the 
liquid in the boiler. 
The ability of certain substances to form insoluble 
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precipitates when treated with lead acetate, and the effect 
of pH upon precipitability, offers a useful means of separating 
or purifying many compounds. 
In general, flavones, chalcones and aurones containing 
free orthohydroxyl groups in the B-ring, as in luteolin and 
quercetin, and their A-ring glycosides give deep yellow to 
red precipitates when their alcoholic solutions are treated 
with neutral lead acetate. After centrifugation and washing, 
the precipitate is suspended in alcohol and decomposed with a 
stream of hydrogen sulphide. After removal of lead sulphide 
the regenerated substance is isolated from the alcoholic 
filtrate. The filtrate from the original precipitation may be 
freed of lead with hydrogen sulphide, or basic lead acetate 
may be added to precipitate a second group of lead salts. 
These are decomposed and the products isolated as in the first 
instant. 
With the advent of numerous new chromatographic techniques 
viz. high performance liquid chromatography (HPLC), droplet 
counter current chromatography (DCCC), centrifugal thin layer 
chromatography, rotation locular counter current chromatography 
etc., the isolation and separation of intricate mixtures of 
flavonoids have not only become simplified but have also consi-
derably reduced the time required. However, simpler chromato-
graphic techniques, namely paper chromatography (PC), thin 
layer chromatography (TLC) and gas liquid chromatography (GLC) 
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or their combinations are still in use. The choice of the 
technique depends mainly upon the solubility and volatility 
of the compounds to be separated. All these techniques can 
be used in micro or macro scale. Therefore sufficient 
quantity of most of the compounds isolated is always available 
for further studies. 
The application of paper chromatography to the field of 
f'lavonoid compounds have increased at an explosive rate. The 
flavonoid compounds have proved to be ideally suited to this 
elegant and powerful technique by reasons of their wide range 
of solubility characteristics and consequently Rf values, the 
characteristic colours of the substances themselves in visible 
or ultraviolet light and the colours produced by the application 
of appropriate reagents to the chromatograms. Different tech-
niques i.e. one-dimensional paper chromatography, two-dimensional 
paper chromatography, preparative paper chromatography are 
used for separating and purifying complex mixtures of all types 
of flavonoids and their glycosides. Paper chromatographic 
analysis are commonly carried out on Whatman No. 1 or Whatman 
No. 3 papers. For optimum resolution two-dimensional chromato-
graphy is used. A large number of developing solvents for 
flavonoid compounds and especially their glycosides are 
reported in the literature. 
T»cm$wtt 
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99 The genus Murraya (Rutaceae) consists of 18 species , two 
of which, Murraya Koenigii and Murraya paniculata occur in 
79 India . Murraya Koenigii is a deciduous shrub or small tree 
found almost throughout India and the Andaman Islands up to 
an altitude of 1500 m, from south and east Asia to Australia 
as gregarious out growth. It is commonly known as Mitha Neem. 
The plant is medicinally important as its leaves, root 
QQ 
and bark are considered tonic, stomachic and carminative 
Leaves are used internally in dysentry and diorrhoea and also 
for checking vomitings. They are applied externally to bruises, 
79 
erupt ions and b i t e s of poisonous animals . The j u i c e of the 
Q 1 
root is taken to relieve pain associated with kidney . The 
leaves are extensively employed as flavouring in chutneys and 
curries. Green leaves are given in decoction with bitters as 
febrifuce. 
The various chemical constituents of Murraya Koenigii 
reported earlier are carbazole alkaloids * ~ , terpenoid 
alkaloids^ '^-^ -'-^ '^ -^'-'^ ^^ , mukeic acid^^, mukoeic acid^^ and 
93 
saponins . In the absence of any record of work on flavonoids 
and their glycosides, prompted to investigate it. The present 
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discussion deals with the isolation and characterization of 
flavone glycoside, sterol, terpenoid and an acid. 
CHEMICAL CONSTITUENTS OF THE LEAVES OF MURRAYA KOENIGII : 
The methanolic extract of defatted leaves of Murraya 
koenigii after purification by solvent fractionation was 
treated with ethyl acetate to give ethyl acetate soluble and 
ethyl acetate insoluble fractions. The ethyl acetate soluble 
fraction on repeated column chromatography (silica gel) yielded 
a flavone glycoside, quercetin S-O-jS-D-glucopyranoside, 
labelled as MG-I. 
The ethyl acetate insoluble fraction was chromatographed 
over silica gel column using organic solvents in increasing 
order of polarity as the eluant. Elution of the column with 
petrol benzene (1:1) yielded a white solid compound (MK~II) 
which was identified as p-amyrin (Rf, m.p., m.m.p. and spectral 
data). The fraction obtained with benzene-ethyl acetate (8:2) 
afforded white shining flakes (MK-III) and identified as 
^-sitosterol. The benzene-ethyl acetate (1:1) fraction yielded 
2-Biphenyl carboxylic acid (MK-I). 
QUERCETIN 3-0-g-D-GLUCOPYRANOSIDE (MG-I) : 
^21^20^12' Brownish-yellow needle shaped clusters, 
m.p, 215-17°C. It gave pink colour with Zn/HCl and red colour 
65 -
95 
on treatment with sodium amalgum followed by acidification 
indicating its flavone or flavanone nature. It responded 
69 positively to Shinoda test and Molisch test indicating it 
to be a flavonoid glycoside. A yellow colour with wilson 
72 boric acid reagent and maxima at 256 and 350 nm in the UV~ 
spectrum confirmed it to be a flavone-glycoside. The chromato-
graphic spot on paper appeared deep purple under UV-light and 
turned yellow on fuming with ammonia, indicated that the position 
C-3 is blocked. It gave brownish green colour with FeCl^ 
indicating the presence of hydroxyl group at C-5. A batho-
chromic shift of 20 nm with A1C1„ further confirmed the presence 
of a free 5-OH group. A shift with fused NaOAc ruled the 
possibility of a free hydroxyl group at 7-position i.e., the 
characteristic shifts in absorption maxima in presence of 
35 
classical shift reagents indicated the presence of 5,7,3' and 
4'-hydroxyl groups. 
UV Spectral data of MG-I ( /) „ nm) 
max 
MeOH 
+AICI3 
+AICI3/HCI 
+NaOAc 
+NaOAc|H-,BO^ 
256, 
276, 
272, 
272, 
260, 
265, 
305, 
300, 
320, 
300, 
302, 350 
333, 430 
400 
375 
370 
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Hydrolysis of MG-I with 6% aq. HCl gave an aglycone 
(MG-IQ), m.p. 313-15°C which was identified as quercetin 
by Rf, mp, mmp and UV spectral data and also by direct 
comparison with authentic sample. The sugar was identified 
as D-glucose by PC, Rf value, Co-chromatography and by the 
formation of Osazone, m.p. 204-05 . The results of IN 
spectral data of MG-IQ and quercetin are recorded in Table.6 
Table 6 : UV spectral data of MG-IQ and Quercetin 
Reagent MG-IQ Quercetin 
MeOH 255, 270sh, 302sh, 369 
+AICI3 274, 308sh, 333, 455 
+NaOAc 248sh, 320 
+NaOAc 258sh, 271, 328, 390 
+NaOAc + H3BO2 263, 305sh, 389 
255, 269sh, 301sh, 370 
272, 304sh, 333, 458 
247sh, 321 (dec) 
257sh, 274, 329, 390(dec) 
261, 303sh, 388 
The values of /*! ^  „ of MG-IQ and quercetin were found to be 
''max ^ 
comparable. 
MeO 
OMe 
OMe 
OMe 
(MG - IM) 
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The position of sugar moiety at C-3 was determined by 
the hydrolysis of the permethylated glycoside. The partial 
methyl ether thus obtained was characterized as quercetin-5, 
7,3',4'-tetramethyl ether (MG-IM), m.p. 193-94°C by chromato-
graphic and H-NMR spectral studies of the hydrolysed products 
of permethylated glycoside and of the acetylated glycoside 
(MG-IA). The results of Ti-NMR studies of MG-IA are shown in 
Table 7, 
Table 7 : Chemical shifts of protons of MG-IA 
Assignment No, of protons Signals 
H-6 
H-8 
H-2' 
H-5' 
H-6' 
H-1' 
Sugar protons 
Aliphatic acetoxyls 
Aromatic acetoxyls 
1 
1 
1 
1 
1 
1 
6 
12 
12 
6.79 (d, J = 2.5 Hz) 
7.28 (d, J = 2.5 Hz) 
7.92 (d, J = 2.5 Hz) 
7.30 (d, J = 9.0 Hz) 
7.92 (q, J = 2.5 and 9 Hz) 
5.45 (d, J = 7 Hz) 
3.80 - 5.16 (m) 
1.87, 1.95, 2.13 (s) 
2.30, 2.45 (s) 
s = singlet; d = doublet; q = quartet; m = multiplet; 
spectrum run in CDCl^ at 60 MHz. 
- 68 -
The pmr spectrum of A-ring protons at 6- and 8- positions 
appeared as doublets at 5 6.79 (J = 2.5 Hz) and 7.28 (J = 2.5 Hz) 
respectively. The B-ring protons formed an ABX pattern chara-
cteristic of 3',4'-oxygenated flavonoids. The 2'-proton 
appeared as a doublet at d 7.92 (J = 2.5 Hz), while 5*- and 
6'- protons as a doublet at d 7.30 (j = 9 Hz) and as a quartet 
at d 7.92 (J - 2.5 and 9 Hz) respectively. 
Four aliphatic acetoxyls appeared at 1.87 (3H), 1.95 
(3H) and 2.13 (6H) and four aromatic acetoxyls at d 2.30 (9H) 
and 2.45 (3H). The signals over the range of d 3.80-5.16 
accounted for the six protons of the glucosyl residue. A 
doublet centered at d 5.45 (J = 7Hz) was assigned to the C-1" 
proton. The large coupling constant (J = 7 Hz) due to trans 
diaxial coupling with the C2*' - proton indicated the presence 
96 
of ^-configuration of sugar . 
82 MG-I on permethylation by Hakomori's method followed by 
hydrolysis afforded 2,3,4,6-tetra-O-methyl-D-glucose and 
quercetin 5,7,3*,4'-tetramethyl ether (MG-IM). 
UV Spectral data of partially methylated aglycone (MG-IM) \^ 
fill max 
MeOH 251, 360 
+AICI2 261, 421 
+AICI2/HCI 259, 419 
NaOAc 252, 362 
NaOAclH^BO^ 250, 361 
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The position of the sugar linkage in the glycoside was 
determined by UV-spectral data of the partially methylated 
aglycone obtained on acid hydrolysis of the permethylated 
glycoside with diagnostic shift reagents. A batho chromic 
shift of 61 nm (from 360-421 nm) in Band I with AlCl^ and a 
negligible change on addition of HCl clearly suggested that 
83 the glucose moiety is present in the 3-position of quercetin 
The release of 2,3,4,6-tetra-O-methyl-D-glucose on hydrolysis 
of the permethylated glycoside confirmed the pyranosyl form of 
the sugar unit in the glycoside. 
Therefore MG-I was characterized as quercetin-3-O-^-D-
glucopyranoside ( 2 8 ). 
HOH2C 
(28) 
The presence of quercetin-3-O-^-D-glucopyranoside in 
Murraya Koenigii is the first report in the genus Murraya. 
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2-PHENYL BENZOIC ACID (OR 2-BIPHENYL CARBOXYLIC ACID) (MK - I ); 
White needles , m.p. 110-12°C, Rf 0,68, appeared brown 
in UV light. The structure was confirmed by H-NMR and IR 
spectral studies and also by direct comparison with an authentic 
sample. 
IR spectral data of MK-I : 
2750, 1690, 1520, 1050, 910, 810. 
98 
The IR spectrum of MK-I in KBr shows the presence of 
benzoic acid with a broad band at 2750 cm and unsaturation at 
1690 cm in the molecule. The bands at 1520 cm" and 1050 cm 
demonstrated the presence of carboxylic and hydroxyl groups 
respectively. The other bands shows the presence of carbon-
carbon double bonds and phenylic nature of the molecule. The 
results of H-NMR spectrum of MK-I are given in Table S. 
Tables ; Chemical shifts of protons of MK-I 
Assignment No. of protons Signals 
H-2',6' 2 7.99 (d) 
H-3',5' 2 7.96 (t) 
H-4' 1 7.90 (t) 
H-3,6 2 7.46 (d) 
H-4,5 2 7.44 (t) 
-0-H 1 3.76 (s) 
s = singlet, d = doublet, t = triplet, spectrum run in CDCl^ 
at 60 MHz, TMS as internal standard (d Scale), 
- 71 -
The pmr spectrum of MK-I in CDCl^ exhibited signals at 
a 7.46 (d, 2H, H-3 and 6), 7.44 (t, 2H, H-4 and 5), 7.99 (d, 
2H, H-2' and 6'), 7.96 (t, 2H, H-3' and 5'), 7.90 (t, IH, 
H-4') and 3.76 (s, IH, =C-0-H). 
On the basis of above data MK-I was assigned as 2-phenyl 
Benzoic acid ( 29 ). 
COOH 
(29) 
e-AMYRIN (MK-II) 
White needles, crystallised from petrol, m.p. 196-197°C, 
Rf 0.16, gave positive colour tests for pentacyclic triter-
89 1 
penoids . The structure was confirmed by H-NMR spectral 
studies and also by direct comparision with authentic sample 
of p-amyrin. The 
given in Table 9. 
of p-amyrin. The results of H-NMR spectrum of MK-II are 
Table 9: Chemical shifts of protons of MK-II 
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Assignment No, of protons Signals 
T e r t i a r y m e t h y l 
- d o -
- d o -
- d o -
- d o -
- d o -
- d o -
-CH2- and CH-
3 
3 
6 
3 
3 
3 
3 
Protons of cyclic 
system and side chain 
CH-OH 
- 0 - H 
O l e f i n i c p r o t o n s 
1 
1 
1 
0.75 (s) 
0.84 (s) 
0.90 (s) 
0.96 (s) 
0.98 (s) 
1.01 (s) 
1.19 (3H, s) 
1.10 - 2.05 
3.18(dd, J = 9 and 7 Hz) 
4,91 (broad singlet) 
5.25 (m) 
s = singlet, dd = doublet of doublet, m = multiplet, spectrum 
run in CDCl^ at 60 IJMZf TMS as internal standard (d-Scale). 
On the basis of above results the structure of MK-II was 
established as p-amyrin ( 3 0 ). 
- 73 -
(30) 
e~SITOSTEROL (MK-III) : 
C^QH.QO, Shining needles, crystallised from acetone, 
m.p. 135-36°C, Rf 0.05, gave positive Liebermann Burchard 
84 85 86 test * * and yellow colour with tetranitromethane. The 
IR spectrum demonstrated the presence of hydroxyl (3240 cm" ) 
and unsaturation (1655 cm" ) functions in the molecule. The 
appearance of a band at 840 cm" demonstrated that it contained 
a trisubstituted double bond 
-1 
87 The C-OH stretching band at 
1040 cm suggested presence of an equatorial hydroxyl group 
88 located at the C-3 position of an A/B trans steroid . The 
structure was confirmed by H-NMR and also by direct comparison 
of Rf values, mmp, and with our own sample of ^-sitosterol. 
The results of -"-H-NMR are listed in Table 10 . 
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TablelO : Chemical shifts of protons of MK-III 
Assignment No. of protons Signals 
Me-18 
Me-19 
Me-21 
Me-26,27 
Me-28 
0-H 
H-3 (ax) 
Olef i n i c pro ton 
3 
3 
3 
6 
3 
1 
1 
1 
-CH2- and -CH-
protons of cyclic 
system and side chain 
0.68 (s) 
1.02 (s) 
0.92 (d, J = 6.5 Hz) 
0.88 (d, J = 6.5 Hz) 
0.76 (d, J = 6.0 Hz) 
5.12 (m) 
3.54 (m) 
5.38 (m) 
1.07 - 2.33 
s = singlet, d = doublet, m = multiplet, spectrum run in 
CDCl^ at 60 MHz, TMS as internal standard (d-Scale). 
The pmr spectrum in CDCI3 exhibited signals at d 0.68 
(s, 3H, Me-18), 1.02 (s, 3H, Me-19), 3.54 (m, IH, CHOH), 5.38 
H 
(m, IH, >C=C ), and 1.07-2.33 (-CH2- and -CH protons of 
cyclic system and side chain). 
Thus MK-III was assigned as ^-sitosterols ( 3 1 ), 
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The pmr spectrum in CDCl^ exhibited signals at d 0,68 
(s, 3H, Me-18), 1.02 (s, 3H, Me-19), 3.54 (m, IH, CHOH), 
5.38 (m, IH, >C=C<^), and 1.07-2.33 (-CH2- and -CH protons 
of cyclic system and side chain). 
Thus MK-III was assigned as ^-sitosterol ( 31 ). 
''2% 
( 31 ) 
€^mrimeninl 
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The recorded melting points were determined on Koflar 
block and are uncorrected. Ultra-violet spectra in spectro-
scopic methanol were measured on a Beckman Model DU or DB. 
Infra red spectra were obtained on Pye Unicam SP3 - 100 and 
Schimadzu, IR - 408 spectrometer. The H-NMR spectra were 
recorded on a varian A - 60 A and JEOL 4H-100 spectrometer in 
CDCl^ using tetramethyl silane as internal standard and 
chemical shifts are reported in d (ppm) values. The mass 
spectra were recorded on JEOL-OSIG at an ionization energy 
of 70 eV. 
Analytical and preparative chromatographic procedures 
were performed on silica gel ../of BDH, Biogen E. Merck 
(India) and E. Merck (Germany). TLC solvent system used were, 
Benzene-Pyridine-Formic acid (BPF; 365 9:5) Ethyl acetate -
Methanol - Water (EMW; 8:1:1). All reagents were of 'ANALAR' 
grade. 
Alcoholic ferric chloride solution, ammonia vapours and 
20^ aqueous solution of perchloric acid were used as spraying 
reagents for visualization of TLC spots. Aniline hydrogen 
phthalate was used as spraying reagent for paper chromato-
graphy. 
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EXTRACTION OF CHEMICAL CONSTITUENTS FROM THE LEAVES OF 
MURRAYA KOENIGII : 
Well dried and coarsely powdered leaves of Murraya 
Koengii (4 kg) procured from Women*s College, Aligarh 
Muslim University, Aligarh were completely exhausted (three 
times) with boiling methanol. The combined methanol extracts 
were concentrated first at atmospheric pressure and then 
under reduced pressure over a water bath. The greenish 
brown gummy mass obtained was refluxed with petrol (60-80 ) 
and benzene till the solvent in each case was almost colour-
less to remove non-flavonoidic and residous matter. 
Petrol and benzene fractions yielded yellow oil of fatty 
nature and were not further examined. 
The residue was treated with ethyl acetate. The ethyl 
acetate insoluble portion gave negative test for flavonoids, 
whereas the ethyl acetate soluble portion responded to the 
colour test with Zn-HCl. 
PURIFICATION OF ETHYL ACETATE SOLUBLE FRACTION BY COLUMN 
CHROMATOGRAPHY : 
A well stirred suspension of silica gel (BDH, 100 gm) 
in Petroleum (60-80°) was poured into a column (150 cm long 
and 40 mm in diameter). When the adsojrbffirt, vi?gs-well settled. 
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the excess of petroleum ether was allowed to pass through the 
column. The crude mixture (8 gm) was adsorbed on silica gel 
(BDH, 40 gm) in methanol, dried and added to the column. 
The column was eluted with organic solvents in the increasing 
order of polarity viz. Petrol, Petrol-benzene (9:1, 8:2, 7:3, 
6:4, 1:1), benzene, benzene-ethyl acetate (9:1, 8:2, 7:3, 6:4, 
1:1), ethyl acetate and then with acetone. The ethyl acetate 
and acetone eluate on concentration gave a brown solid. The 
solid on TLC examination showed a major spot with minor impu-
rities. Therefore it was recolumed chromatographically and 
further purified by chloroform and ethyl acetate. 
The complexity of the mixture was obtained after purifi-
cation by column chromatography was examined by TLC using the 
following solvent systems : 
(a) Benzene - Pyridine - Formic acid (BPF, 36:9:5) 
(b) Toluene - Ethyl formate - Formic acid (TEF, 5:9:1) 
(c) Chloroform - Methanol - Water (CMW, 35:14:1) 
(d) Ethyl acetate - Ethyl Methyl Ketone - Acetic acid - Water 
(EEMKAW, 5:3:1:1). 
(e) Ethyl acetate - Methanol - Water (EMW, 8:1:1) 
(f) Ethyl acetate - Xylene - Formic acid - Water 
(EXFW, 35:1:2:2). 
In BPF solvent system the spots were compact in UV-light 
and the difference in Rf values were not well marked, whereas 
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in EMW solvent system the difference of Rf values were well 
marked. Therefore, it is choosen as a developing solvent 
system for preparative TLC. 
SEPARATION OF FLAVONOIDIC MIXTURE BY PREPARATIVE THIN LAYER 
CHROMATOGRAPHY : 
Using a thin layer spreader (Toshniwal, India) glass 
plates (40x20 cm) were coated with a well stirred suspension 
of silica gel (BDH, 50 gms in 95 ml of water) to give a layer 
of approximately 0.5 mm in thickness. After drying at room 
temperature. The plates were activated at 110 - 20 for 
2 hours. 
The brown mass (2 gms) was dissolved in methanol and 
applied to the plates with the help of mechanical applicator 
(Desaga, Heidelberg) 2 cms from the lower edge of the plates. 
The plates mounted on a stainless steel frame were placed in 
a Desaga glass chamber (45 x 22 x 5b cms) containing 500 ml 
of developing solvent (EMW). When the solvent front had 
travelled 15 cms from the starting line, the plates were taken 
out and dried at room temperature. The position of the bands 
were marked in UV light. The major and broad band was labelled 
as MG-I and scraped with the help of a nickel spatula. 
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PURIFICATION AND SEPARATION OF NON-FLAVONOIDIC MIXTURE FROM 
ETHYL ACETATE INSOLUBLE FRACTION : 
Greenish gummy mass (4 gms) was obtained from ethyl acetate 
soluble fraction showed three major spots and one minor spots, 
on TLC (silica gel) (Petrol:Benzene, 1:1), labelled as MK-I, 
MK-II and MK-III in the order of decreasing Rf values. They 
were separated by repeated column chromatography using petrol, 
petrol-benzene (9:1, 8:2, 7:3, 1:1), benzene, benzene-ethyl 
acetate (9:1, 8:2, 7:3, 1:1), ethyl acetate and lastly with 
acetone. 
MG-I 
QUERCETIN 3-0-e-D-GLUCOPYRANOSIDE 
The band MG-I was eluted with methanol. Recovery of 
the solvent left a brownish yellow solid. It was crystallised 
from methanol - ethyl acetate as brownish yellow needle shaped 
clusters having m.p. 215-17°C and Rf 0.58 (BAW). 
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Quercetin 3-0-^-D-glucoside octa acetate MG-IA 
The crystalline glycoside (30 mg) was heated with acetic 
anhydride (3 ml) and dry pyridine (15 ml) at 100 for 3 hours. 
The reaction mixture was cooled at room temperature and poured 
over crushed ice. The separated solid was filtered, washed 
well with water and dried and subjected to H-NMR spectral 
analysis. 
•^ H-NMR (CDCI3) : Values on d- Scale 
6.79 (d, IH, J = 2.5 Hz, H-6); 7.28 (d, IH, J = 2.5 Hz, 
H-8); 7.92 (d, IH, J = 2.5 Hz, H-2'); 7.30 (d, IH, J = 9 Hz, 
H-5'); 7.92 (q, IH , J = 2.5 and 9 Hz, H-6'); 5.45 (d, IH, 
J = 7 Hz, H-i'); 3.80 - 5.16 (m, 6H of glucosyl residue); 
1.87, 1.95, 2.13 (12H, four aliphatic acetoxyls); 2.30, 2.45 
(12H, four aromatic acetoxyls). 
ACIDIC HYDROLYSIS OF MG-I 
The glycoside (40 mg) was dissolved in 10 ml of 6% aqueous 
hydrochloric acid and heated on a water bath. The hydrolysis 
appeared to be completed within 30 minutes. The heating was 
continued for 2 hours to ensure complete hydrolysis. After 
leaving overnight, the yellow aglycone thus separated out was 
filtered, washed well with water and dried. The crude product 
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on crystallisation from methanol gave yellow needles (MG-IQ) 
m.p. 313-15°. It showed no depression in melting point on 
admixture with an authentic sample of quercetin. Its identity 
as quercetin was further confirmed by co-chromatography^ Rf 
0.21 (BPF) and UV spectral studies, and the sugar was identified 
as glucose. 
UV Spectral data of MG-IQ ( ^ ^^ nm) : 
max 
MeOH 255, 270sh, 302sh, 369 
+AICI3 274, 308sh, 333, 455 
+NaOAc 258sh, 271, 328, 390 
+NaOMe 248sh, 320 
+Na0Ac 4- H3BO3 263, 305sh, 389 
Chromatographic Identification of Sugar : 
The acidic filtrate, left after filtering the aglycone 
was extracted with ether and then with ethyl acetate to ensure 
the complete removal of any residual aglycone. The solution 
was concentrated to a syrup in vacuum. The syrup was chromato-
graphed on Whatman No. 3 filter paper using butanol - acetic 
acid - water (BAW, 4:1:5) as solvent system employing the 
descending technique. Authentic sugars were used as checks. 
The chromatogram was run for 24 hours and after drying at room 
temperature was sprayed with aniline hydrogen phthalate solution, 
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The chromatogram on drying at 100-10 for 5 minutes showed 
the presence of only glucose (Rf 0.34) by comparison with 
authentic sample (Rf, shade, Co-PC). 
ENZYMATIC HYDROLYSIS OF GLYCOSIDE : 
The glycoside (10 mg) was dissolved in Ethyl alcohol 
and diastase solution (100 mg in 25 ml). The reaction mixture 
was left at 40° for 45 hours. It was extracted with EtOAc 
and the hydrolysate showed the presence of glucose (Rf 0.18) 
(n-BuOH-HOAc-H20; 4:1:5, spray AHP). 
ESTIMATION OF SUGAR : 
The anhydrous glycoside (22.5 mg) was hydrolysed by 
refluxing for 2 hours with 1% H^SO.. After cooling overnight, 
the aglycone was filtered, washed, dried and weighed (14.8 mg) 
Thus the ratio of aglycone to the glycoside is 65.4^ and this 
ratio indicates the presence of one mole of sugar per mole of 
aglycone. 
The quantitative estimation of sugar by Somogyis copper 
94 , 
) method gave the value (0.44 m. 
1 mole of sugar per mole of aglycone. 
micro method gave the value (0.44 ml) which corresponds to 
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PHRMETHYLATION OF THE GLYCOSIDE BY HAKOMORI'S METHOD : 
NaH (250 mg) was stirred with DMSO (15 ml) at 80°C 
for 30 minutes under N2 gas. To this reagent, solution of 
the glycoside (MG-I, 50 mg) in DMSO (10 ml) was added and the 
reaction mixture was stirred for 1 hour at room temperature 
under N^ gas, Mel (5 ml) was added and the reaction mixture 
was further stirred for 4 hours at room temperature. The 
mixture was poured into ice-water and extracted with EtOAc, 
washed with water and dried. An oily product was obtained. 
It was purified by preparative TLC using C,H^ - Me^CO (4:1) 
as the developing solvent to afford the permethylated glycoside 
(MG-IM)(26 mg).. 
HYDROLYSIS OF PERMETHYLATED GLYCOSIDE : 
MG-IM Was hydrolysed with 6% HCl and the hydrolysate 
was subjected to chromatographic separation (column and TLC, 
silica gel, Toluene - Methanol 4:1) to give Quercetin 5,7,3', 
4'-tetra methyl ether (MG-IMt) and 2,3,4,6-tetra-O-methyl-D-
glucose (Rf 0.64). 
Quercetin 5,7,3S4«-tetra methyl ether (MG-IMt) : 
It was crystallised from CHCl^-MeOH as light yellow 
needles ( 10 mg), m.p. 193-94°C. 
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UV data of MG-IMt : \^^ nm max 
MeOH 251, 359 
+AICI3 260, 420 
+AICI3 + HCl 258, 417 
NaOAc 248, 360 
+NaOAc + H3BO3 253, 361 
5-1 : \ UV spectral data of MG I ^^ ^ nm 
max 
MeOH 256, 265, 302, 350 
+AICI3 276, 305, 333, 430 
+AICI3 / HCl 272, 300, 400 
+NaOAc 272, 320, 375 
+NaOAc + H3BO3 260, 300, 370 
MK-I : 2-PHENYL BENZOIC ACID (2-BIPHENYL CARBOXYLIC ACID) 
C.H^C.H. COOH 6 5 6 4 
The elution of the column by benzene-ethyl acetate 
(1:1) afforded a white solid compound which on crystallisation 
from petrol gave white needles (Rf = 0.68) m.p. 110-112°C. 
•'•H-NMR (CDCI3) : Values on d-Scale 
7.99 (d, 2',6'-H), 7.96 (t, 3',5'-H), 7.90 (t, 4'-H), 
7.46 (d, 3,6-H), 7.44 (t, 4,5-H), 2.76 (s, IH). 
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^^'^max ^^ "^  ^ ^ (MK - I) : 
2750, 1690, 1520, 1290, 1050, 910, 810. 
MK - II 
6-AMYRIN 
Elution of the column by petrol-benzene (1:1) afforded 
a white solid compound which on crystallisation from petrol 
gave white needles (Rf 0.16) m.p. 196-97 C. 
•'"H-NMR (CDClo) : Values on d-Scale 
0.79 (s, 3H); 0.83 (s, 3H); 0.90 (s, 6H); 0.97 (s, 3H); 
0.99 (s, 3H); 1.02 (s, 3H); 1.15 (s, 3H); 1.08-2.0 (-CH2 and 
-CH protons of cyclic system and side chain); 3.19 (dd, IH, 
J = 9 and 7 Hz); 4.85 (a broad singlet, IH, -OH proton); 
5.19 (m, IH, olefinic protons). 
MK - III 
B-SITOSTEROL 
The elution of the column by benzene-ethyl acetate 
(8:2) afforded a white shining solid compound which on crysta-
llisation from acetone gave white shining needles (Rf 0.05), 
m.p. 135-36°C. 
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m'Olll (cm~^ ) (MK-III) 
max 
3240, 2918, 2824, 1655, 1440, 1375, 1365, 1358, 1055, 
1040, 840, 810. 
•"•H-NMR (CDCI3) : Values on d-Scale : 
0.68 (s, 3H, 18-Me); 0.76 (d, 3H, J = 6.0 Hz, 28-Me); 
0.88 (d, 6H, J = 6.5 Hz, 26, 27-Me); 0.92 (d, 3H, J = 6.5 Hz, 
21-Me); 1.02 (s, 3H, 19-Me); 3.54 (m, IH, 3-ax); 5.15 (m, IH, 
hydroxyl protons); 5.38 (m, IH, olefinic proton); 1.07 - 2.33 
(-CH^  and -CH protons of cyclic system and side chain). 
ACETYLATION OF MK - III : 
MK - III (100 mg) was heated with acetic anhydride (2 ml) 
and pyridine (0.5 ml) at 100°C for 3 hours. The reaction mixture 
Was cooled at room temperature and poured over crushed ice. The 
separated solid was filtered, washed well with water and dried. 
On crystallisation from methanol and chloroform it gave colour-
less flakes (MK-IIIA, 40 mg), m.p. 114-15°C. 
I R T T ^^^ (cm"^) (MK-IIIA) 
max 
2945, 2830, 1750, 1660, 1465, 1370, 1275, 952. 
$Mw^Y^fUu 
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